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Abstract
A fractal is an object with a sprawling and tenuous pattern. As the pattern is magnified it reveals repetitive levels of detail so that similar structures exist on all scales. A fractal might therefore look the same whether viewed on the scale of a meter, a millimeter or a micrometer. In other words, fractal structures are shapes that cannot be defined by Euclidean geometry. Mandelbrot pointed out that many disorderly objects in nature have this property. They are often remnants of chaotic nonlinear dynamics and possess the property of scale invariance. Biological molecules, though made of simple recurring units, exhibit immense complexity when viewed globally. Proteins, carbohydrates, nucleic acids, etc. are all polymeric macromolecules with a very large molecular mass. Their spatial arrangements are also enigmatic and have virtually defied understanding until the advent of techniques such as X-ray crystallography and NMR along with genetic engineering. These have not only been able to elaborate the intricacy of their organization, but have also provided clues to tailor them to our requirements. Biological molecules and membrane bilayers have been defined as fractals earlier. The complexities of biological reactions are usually explained by considering complex reaction kinetics and interactions between the reacting species. These can now be explained in a simple way by considering the biological macromolecules as fractals. Application of the concept of fractals to biological systems in order to analyze structure-function relationships, understand and explain the complexity of biological organization and reactions has been attempted in the present thesis. Chapter one introduces the subject matter of the thesis and surveys the literature on fractals. Relevant analysis of biological systems has also been discussed critically. The effects of fractal nature of enzymes on the reactions they catalyze have been analyzed in chapter two. The results indicate that non-idealities in their performance, such as multi-stationarity and substrate inhibition can arise due to their fractal nature. Protein conformation is not static in nature. The active site and certain regions in proteins are mobile. Similarly, the proteins and lipids in a membrane bilayer are always in a state of constant random motion. The shape of membranes have earlier been described as fractals. With the consideration of the constant motion of regions which constitute the fractal, the concept of mobile shapes of fractals or fractiles emerges. The effect of mobility on reactions has been considered in chapter three. Reactions onfractile surfaces when the overall dimension of the system may or may not undergo a change have been critically analyzed. Selectivity behavior on fractile surfaces has also been discussed. The morphology of bacterial colonies is also fractal in nature. The time based change in fractal shape and dimension of bacterial colonies has been discussed. Reasons, why bacterial colonies take diverse shapes under different environmental conditions have been evaluated and subsequently simulated in chapter four. Critical effects of concentration of nutrients, their rates of diffusion, thickness of the gel and yield coefficients of cells per unit substrate has been studied. The results clearly show that environmental conditions can drastically affect the shapes of colonies. The shape of biological molecules modelled as fractals and fractiles can be represented by a fractal dimension. Fractal dimension of an object only indicates how the it fills the space it is embedded in. It gives a probability that a point in space is occupied by an object and is therefore a global parameter associated with the object or shape. This therefore can result in different objects or shapes possessing the same fractal dimension. The same fractal dimension, however, does not mean that the objects or shapes possess similar topology or textures. In chapter five an algorithm for evaluating the topology of protein surfaces has developed. An index which describes the roughness of the surface has been defined. The topology of various proteins has been described in terms of the roughness index and the correlation between roughness and fractal dimension has been attempted. In chapter six, a method for the two-dimensional representation of protein surfaces has been developed. The algorithm enables one to visualize the entire surface of the protein at the same time. This facilitates one in comparing the surface of different proteins in order to understand the effect of surface topologies on protein-substrate, protein-protein and protein-ligand interactions. Studies on subtilisin, a serine protease, have been undertaken in an attempt to understand differential stability and activity of the protein from different sources. Chapter seven concludes the thesis giving a concise summary of the results obtained and brings out the importance and implications of the above work and discusses scope of further applications. 


